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Abstract
We provide a manifestly N = 2 supersymmetric formulation of the N = 2
U(Nc) gauge model constructed in terms of N = 1 superfields in hep-th/0409060.
The model is composed of N = 2 vector multiplets in harmonic superspace and
can be viewed as the N = 2 U(Nc) Yang-Mills effective action equipped with the
electric and magnetic Fayet-Iliopoulos terms. We generalize this gauge model to
an N = 2 U(Nc) QCD model by introducing N = 2 hypermultiplets in harmonic
superspace which include both the fundamental representation of U(Nc) and the
adjoint representation of U(Nc). The effect of the magnetic Fayet-Iliopoulos term is
to shift the auxiliary field by an imaginary constant. Examining vacua of the model,
we show that N = 2 supersymmetry is spontaneously broken down to N = 1.
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1 Introduction
It is widely appreciated that N = 2 supersymmetry imposes a strong constraint on the
four-dimensional theory but yet leaves rich physical ingredients. For example, N = 2
supersymmetric field theories develop controllable quantum effects [1]. Unconstrained
N = 2 superfields provide a manifestly N = 2 supersymmetric formulation of them.
There are two types of unconstrained N = 2 vector superfields. First type, developed
in [2] for the abelian case and in [3][4] for the non-abelian case, is constructed on the usual
N = 2 superspace R4|8 parametrized by (xm, θi, θ¯i). The second type is constructed on
harmonic superspace R4|8 × S2 developed in [5] [6] [7] [8] (see [9] for introduction), and
parametrized by
(xmA , θ
±, θ¯±, u±i ) = (x
m − 2iθiσmθ¯ju+(iu−j), θiu±i , θ¯iu±i , u±i ) (1.1)
in the analytic basis. The S2 = SU(2)/U(1) is parametrized by harmonic variables u±i
(u+i , u
−
i ) ∈ SU(2) , u+i = εiju+j , u+iu−i = 1 , u+i = u−i . (1.2)
For N = 2 hypermultiplets, harmonic superspace makes it possible to construct the
off-shell N = 2 unconstrained hypermultiplets, the q+- and ω-hypermultiplets. Thus
harmonic superspace provides a manifestly N = 2 supersymmetric formulation of N = 2
supersymmetric theories in terms of off-shell N = 2 unconstrained superfields. This
property is very useful in the quantum calculations [10] of supersymmetric models. In the
present paper, N = 2 superfields in harmonic superspace are utilized in the construction
of N = 2 U(Nc) gauge model coupled with N = 2 hypermultiplets.
In [11], the N = 2 U(Nc) gauge model is constructed in terms of N = 1 vector and
chiral superfields in the adjoint representation of the gauge group U(Nc). This model is
a non-abelian generalization of the U(1) gauge model with abelian constrained N = 2
vector superfields [13] constructed by Antoniadis, Partouche and Taylor (APT) in [12],
and can be regarded asN = 2 U(Nc) Yang-Mills (YM) low-energy effective action (LEEA)
specified by a holomorphic function F and equipped with the electric and magnetic Fayet-
Iliopoulos (FI) terms. In [11] [14] [15], the vacua of the model are examined. The N = 2
and U(Nc) symmetry are spontaneously broken to N = 1 and
∏
n
U(Nn) symmetry with∑
n
Nn = Nc, respectively. The associated Nambu-Goldstone (NG) fermion is shown to
be provided by the overall U(1) part in U(Nc). In addition, the spectrum on the vacua is
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completely clarified in [15].♯
The key for the partial supersymmetry breaking is the modification of the local version
of the extended supersymmetry algebra by an additional spacetime independent term
[18, 19]. This modification is caused by the magnetic FI term. An important observation
made in the study of the APT model [12] [19] [20] [21] is that the effect of the magnetic
FI term is to shift the auxiliary field in the N = 2 vector superfield by an imaginary
constant (while that of the electric FI term is to shift the symplectic dual auxiliary field
by an imaginary constant). This observation is shown to be useful in this paper in
the construction of the magnetic FI term for N = 2 U(Nc) gauge model with/without
hypermultiplets.
In this paper, we provide a manifestlyN = 2 supersymmetric formulation of theN = 2
U(Nc) gauge model given in [11]. For this purpose we employN = 2 vector multiplets V ++
in harmonic superspace. The magnetic FI term is introduced so as to shift the auxiliary
field in V ++ by an imaginary constant. This causes N = 2 supersymmetry to be broken
spontaneously to N = 1. In addition, we generalize this gauge model to an N = 2 U(Nc)
QCD model coupled withN = 2 hypermultiplets, q+ and ω, in harmonic superspace which
include both the fundamental representation of U(Nc) and the adjoint representation of
U(Nc). We determine the form of the magnetic FI term such that it shifts the auxiliary
field in V ++ by an imaginary constant. Examining vacua of the model, we show that
this model also describes partial supersymmetry breaking. It should be noted that the
magnetic FI term of the U(Nc) gauge model coupled with hypermultiplets in the adjoint
representation is the same as that of the U(Nc) gauge model without hypermultiplets.
However in presence of hypermultiplets in the fundamental representation the magnetic
FI term develops an additional term. This additional term overcomes the difficulty [20]
[21] in coupling fundamental hypermultiplets to the APT model.
This paper is organized as follows. In section 2, we introduce N = 2 vector multiplets
V ++ in harmonic superspace and construct an N = 2 U(Nc) gauge model equipped with
the electric and magnetic FI terms. The vacua of the model are examined in section 3. We
show that the model describes spontaneous partial supersymmetry breaking. Introducing
N = 2 hypermultiplets, q+ and ω, in harmonic superspace we generalize the model to the
N = 2 U(Nc) QCD model equipped with the electric and magnetic FI terms in section
4. We introduce the magnetic FI term so as to shift the auxiliary field by an imaginary
constant. In section 5, we show that owing to this property, N = 2 supersymmetry is
♯This series of works [11][14][15] is based on N = 1 superspace and construction of most generalN = 2
Lagrangian based on special Ka¨hler geometry [16] which were developed after tensor calculus [17].
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broken down to N = 1 spontaneously. The supersymmetry transformation law of the
components in the vector multiplet V ++ and the hypermultiplets, q+ and ω, is found in
appendix B. In this paper, we follow the notation for harmonic superspace given in [9]
(see appendix A) and one for spinors given in [23].
2 N = 2 U(Nc) gauge model
We introduce a set of N = 2 vector superfields V ++ = V ++ata where Nc × Nc hermitian
matrices ta (a = 0, 1, ..., N
2
c − 1) generate u(Nc), [ta, tb] = ifabcta, and t0 represents the
overall u(1) generator. V ++ is the analytic superfield satisfying D+V ++ = D¯+V ++ = 0.
In the analytic basis (xA, θ
±, θ¯±, u±i ) in (1.1), D
± and D¯± are given as
D+α =
∂
∂θ−α
, D−α = −
∂
∂θ+α
+ 2i(σmθ¯−)α
∂
∂xmA
,
D¯+α˙ =
∂
∂θ¯−α˙
, D¯−α˙ = −
∂
∂θ¯+α˙
− 2i(θ−σm)α˙ ∂
∂xmA
, (2.1)
and thus V ++ is a superfield in analytic subspace (xA, θ
+, θ¯+, u±i ) . In the Wess-Zumino
(WZ) gauge V ++ is given as
V ++=−2iθ+σmθ¯+vm(xA)− i
√
2(θ+)2φ¯(xA) + i
√
2(θ¯+)2φ(xA)
+4(θ¯+)2θ+λi(xA)u
−
i − 4(θ+)2θ¯+λ¯i(xA)u−i + 3(θ+)2(θ¯+)2Dij(xA)u−i u−j , (2.2)
where vm, φ, λ
i and Dij are vector, complex scalar, SU(2) doublet Weyl spinor and
auxiliary field, respectively. Dij is symmetric with respect to (i, j) so that Dij = εjkD
ik is
an SU(2) matrix, Dij = iD
A(τA)
i
j. The reality V
++ = V˜ ++, where the tilde “ ˜ ” means
the analyticity preserving conjugation [9] (see appendix A), implies thatDij = D¯ij because
Diju−i u
−
j = D¯iju
−iu−j = D¯iju−i u
−
j , and that the D
A is a real three vector DA = DA .
The field strength W is given by
W =−1
4
(D+)2
∞∑
n=1
∫
dv1 · · · dvn(−i)n+1 V
++(v1) · · ·V ++(vn)
(u+v+1 )(v
+
1 v
+
2 ) · · · (v+n u+)
. (2.3)
It is straightforward to derive the following expression by using formulas given in [9](see
also [6]):
W =−i
√
2φ¯− 2θ¯iλ¯i + θ¯iθ¯jDij + θ¯iσ¯mnθ¯i vmn + 4
3
i(θ¯iθ¯j)Dmλiσmθ¯j − 2
3
√
2(θ¯iθ¯j)[φ, θ¯iλ¯j]
+i
√
2(θ¯)4ηmnDmDnφ+ i(θ¯)4 εij[λi, λj ] + i
√
2(θ¯)4[φ, [φ, φ¯]]−2iθ¯+θ¯−[φ, φ¯] + · · · (2.4)
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where
vmn= ∂mvn − ∂nvm + i[vm, vn] ,
Dmφ= ∂mφ+ i[vm, φ] , Dmλ = ∂mλ+ i[vm, λ] (2.5)
and ellipsis represents terms which do not contribute to the action.
We consider the action
SV = − i
4
∫
d4x
[
(D)4F(W )− (D¯)4F(W )] , (2.6)
where F is an analytic trace function of W = W ata and (D)4 = 116(D+)2(D−)2. The SV
can be regarded as the leading contribution to the N = 2 YM LEEA. The action (2.6)
reduces in component fields to
SV =
∫
d4x
[
−gabDmφaDmφ¯b − 1
2
Fab|λ¯aiσ¯mDmλbi +
1
2
Fab|λaiσmDmλ¯bi
−1
4
gabv
a
mnv
bmn − 1
8
ReFab|εmnpqvamnvbpq +
1
2
gab f
a
cdφ¯
cφd f bef φ¯
eφf
+
1
4
gabD
a ijDbij +
i
4
Fabc|λaiλbjDcij −
i
4
Fabc|λ¯aiλ¯bjDcij
− i
4
(Fabc|λaiσmnλbi −Fabc|λ¯aiσ¯mnλ¯bi)vcmn
+
1
2
gab
[
λ¯aif bcd(i
√
2φc)λ¯di + λ
aif bcd(−i
√
2φ¯c)λdi
]
− i
12
Fabcd|(λaiλbj)(λciλdj ) +
i
12
Fabcd|(λ¯aiλ¯bj)(λ¯ci λ¯dj )
]
, (2.7)
where Fa1···an ≡ ∂nF/∂W a1 · · ·∂W an and gab ≡ ImFab|. Fab···| represents Fab··· evaluated
at θ± = θ¯± = 0. We have used the relation
f cbaFc| = −f cbd(i
√
2φd)Fca| (2.8)
which follows from the fact that φa and Fa| transform as adjoint under U(Nc).
2.1 electric & magnetic FI terms
We introduce the electric FI term [24]
Se=
∫
dudζ (−4)tr (Ξ++V ++) + c.c. =
∫
d4xξijD0ij + c.c. , (2.9)
where dζ (−4) = d4xAd
4θ+ and Ξ++ = ξiju+i u
+
j is the electric FI parameter. This term
develops a constant imaginary part in the dual auxiliary field DaijD of W
a
D ≡ Fa. To see
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this we derive the equation of motion for V ++ from SV +Se. Rewriting SV as an integral
over the analytic subspace as was done in [25] for the bare theory in which F is quadratic,
and then varying with respect to V ++, we obtain
i
16
(D+)2Fa + Ξ++δ0a + c.c = 0 . (2.10)
This may be rewritten as
(D+)2(Fa + 8iξijθiθjδa0)− (D¯+)2(Fa − 8iξ¯ij θ¯iθ¯jδa0) = 0 . (2.11)
Because Fa = W aD = θiθjDaDij + · · ·, the effect of the electric FI term is to shift the dual
auxiliary field by an imaginary constant, DaijD → DaijD + 8iξijδa0 .
Next we introduce the magnetic FI term of the form
SYMm =
∫
d4x (D)4ξijDθiθj
(
F0 + 1
2
F004iξklDθkθl
)
+ c.c.
=
∫
d4x
[
ξijD(F0a|Daij −F0ab|λaiλbj) + 2iF00|ξijDξDij)
]
+ c.c. . (2.12)
We note that this term reduces to Se+ const. for the bare theory. The effect of this term
is to shift the auxiliary field Daij by an imaginary constant. This can be seen as follows.
Observe that SYMm and the D-dependent terms in SV may be rewritten as
− i
4
∫
d4x(D4)
[
Fa|θiθj(Daij)
+
1
2
Fab|
(
θiθjDaij θ
kθlDbkl + 2θ
iθjDaij(−2θkλbk + θkσmnθkvbmn)
)
+
1
6
Fabc|3θiθjDaij(−2θlλbk)(−2θlλcl )
]
+ c.c. (2.13)
where
D
aij = Daij + 4iξijDδ
a
0 , D¯
aij
= Daij − 4iξ¯ijDδa0 . (2.14)
This implies that
SV + S
YM
m = −
i
4
∫
d4x(D4)F(Wˆ ) + c.c. (2.15)
where Wˆ isW with the replacement Daij →Daij (similarly Wˆ isW with the replacement
Daij → D¯aij). We note that due to this effect the supersymmetry transformation law
δηλ
ai = (Da)ijη
j + · · · (see appendix B) changes to
δηλ
ai = (Da)ijη
j + · · · , δηλ¯ai = −(D¯a)ij η¯j + · · · . (2.16)
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Gathering all together, the total action for the U(Nc) gauge model is
SYM = SV + Se + S
YM
m . (2.17)
The terms including the auxiliary field Daij∫
d4x
[ 1
4
gabD
aijDbij + (ξ
ij + ξ¯ij)D0ij + (ξ
ij
DF0a|+ ξ¯ijDF0a|)Daij
+
i
4
Fabc|λaiλbjDcij −
i
4
Fabc|λ¯aiλ¯bjDcij
]
(2.18)
lead to
Daij = −2gab
[
(ξij + ξ¯ij)δ0b + ξ
ij
DF0b|+ ξ¯ijDF0b|+
i
4
Fbcd|λciλdj − i
4
F bcd|λ¯ciλ¯dj
]
. (2.19)
By eliminating the auxiliary field using this equation, the action SYM becomes
S ′YM=
∫
d4x
[
Lkin + Lpot + LPauli + Lmass + L4 fermi
]
(2.20)
where
Lkin=−gabDmφaDmφ¯b − 1
2
Fab|λ¯aiσ¯mDmλbi −
1
2
Fab|λaiσmDmλ¯bi
−1
4
gabv
a
mnv
bmn − 1
8
ReFab|εmnpqvamnvbpq , (2.21)
Lpot=−gabPaPb − 1
4
gabDaij | D¯aij |+ 2iξijDξDijF00| − 2iξ¯ijD ξ¯DijF00|
=−gabPaPb − 1
4
gabDaij | D¯aij| − 2i(ξij + ξ¯ij)(ξDij − ξ¯Dij) , (2.22)
LPauli=− i
4
(Fabc|λaiσmnλbi −Fabc|λ¯aiσ¯mnλ¯bi)vcmn , (2.23)
Lmass=+1
2
gab
[
λ¯aif bcd(i
√
2φc)λ¯di + λ
aif bcd(−i
√
2φ¯c)λdi
]
− i
2
gab
(
(ξij + ξ¯ij)δ0a + ξ
ij
DF0a|+ ξ¯ijDF0a|
)
(Fbcd|λciλdj −F bcd|λ¯ci λ¯dj )
−ξ¯ijDF0ab|λ¯ai λ¯bj − ξijDF0ab|λaiλbj ,
=+
1
2
gab
[
λ¯aif bcd(i
√
2φc)λ¯di + λ
aif bcd(−i
√
2φ¯c)λdi
]
+
i
4
D
aij | Fabc|λbiλcj −
i
4
D¯
aij | Fabc|λ¯bi λ¯cj , (2.24)
L4 fermi=− i
12
Fabcd|(λaiλbj)(λciλdj ) +
i
12
Fabcd|(λ¯aiλ¯bj)(λ¯ci λ¯dj )
+
1
16
gab(Facd|λciλdj − Facd|λ¯ciλ¯dj)(Fbef |λeiλfj − Facd|λ¯ei λ¯fj ) , (2.25)
and
√
2Pa=−ifabcφ¯bφc = −ikbaφ¯b = +ik∗b aφb , (2.26)
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Daij |=−2gab
[
(ξij + ξ¯ij)δ0b + ξ
ij
DF0b|+ ξ¯ijDF0b|
]
, (2.27)
D
aij |=Daij |+ 4iξijDδa0 = −2gab
[
(ξij + ξ¯ij)δ0b + (ξ
ij
D + ξ¯
ij
D)F0b|
]
. (2.28)
Pa is the Killing potential for the Killing vector ka = kab∂b which generates U(Nc) isometry
of the special Ka¨hler geometry.
3 Vacua of N = 2 U(Nc) gauge model
We examine vacua of the model defined by SYM = SV + Se + S
YM
m . The scalar potential
V = −Lpot is
V = 1
4
gabD
aij | D¯bij|+ gabPaPb + 2i(ξij + ξ¯ij)(ξDij − ξ¯Dij) . (3.1)
In the three-vector notation,
ξij = iξ
A(τA)
i
j , ξD
i
j = iξ
A
D(τA)
i
j , D
ai
j = iD
aA(τA)
i
j , A = 1, 2, 3,
D
aij
D¯
b
ij = −DaijD¯bj i = DaAD¯bBtr(τAτB) = 2
∑
A
D
aA
D¯
bA
(3.2)
this is written as
V = 1
2
gabD
aA| D¯bA|+ gabPaPb + 4i(ξA + ξ¯A)(ξAD − ξ¯AD)
= 2gab
∣∣[(ξA + ξ¯A)δ0a + (ξAD + ξ¯AD)F0a|]∣∣2 + gabPaPb + 4i(ξA + ξ¯A)(ξAD − ξ¯AD) . (3.3)
The last term is a constant. We demand positive definiteness of gab. In order to determine
the vacuum, we examine ∂V/∂(W a|) = 0. The second term gabPaPb in V tells us that
〈φr〉 = 0 where tr represent non-Cartan generators and 〈∗〉 means the vacuum expectation
value (vev) of ∗. The vacuum condition is [14]
〈∂aV〉= i4〈Fabc| DbADcA〉 = 0 (3.4)
where we note 〈DcA|〉 = 〈DcA〉 because fermions do not acquire vevs. Let us examine the
case with
F =
∑
n
cn
n!
tr(W )n (3.5)
for concreteness. Let Eij, i = 1, ..., Nc be the fundamental matrix which has 1 at the
(i, j)-component and 0 otherwise. Cartan generators may be written as ti = Eii. We
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have 〈∂rV〉 = 0, because Frii = 〈Dr〉 = 0. Noting that the points specified by 〈Fiii〉 = 0
correspond to unstable vacua, we derive the vacuum condition∑
A
〈DiADiA〉 = 0 , i = 1, ..., Nc . (3.6)
This is solved by
〈φ〉 = diag(
N1︷ ︸︸ ︷
a1, · · · , a1,
N2︷ ︸︸ ︷
a2, · · · , a2, · · ·) , (3.7)
which means that the gauge symmetry U(Nc) is broken down to
∏
n
U(Nn) with
∑
Nn =
Nc.
On the other hand, the supersymmetry transformation of λai (2.16) reduces on the
vacuum to
〈δηλii〉 = 〈Diij〉ηj = i〈DiA〉(τA)ijηj , 〈δηλri〉 = 〈Drij〉ηj = 0 . (3.8)
A necessary condition for the partial supersymmetry breaking is
〈detDiij〉 = 2
∑
A
〈DiADiA〉 = 0 (3.9)
for some i. This is obviously satisfied by the vacua (3.6). Let us look at the mass term
for λii
− i
4
〈Fiii|〉λii〈Di〉ijλij = −
i
4
〈Fiii|〉〈DiA〉λii(τ2τA)ijλij . (3.10)
Because of (3.9) , a half of the fermions λ
i
i, i = 1, 2, is massless. In fact, diagonalizing
the mass matrix by a matrix U ij, we see that the supersymmetry transformation of the
massless combination of λii, say U1jλ
ij, is non-trivial. In the ordinary hermitian matrices
ta, a = 0, · · · , N2c − 1, of u(Nc), this means that U1jλ0j is massless and δη(U1jλ0j) 6= 0.
Thus the Nambu-Goldstone fermion for partial supersymmetry breaking lies in the overall
U(1) part of the massless combination of λii, U1jλ
0j.
Let us make a comment on the relation between the present construction and that of
[11]. The vacuum condition means that(
2(ξA + ξ¯A) + (ξAD + ξ¯
A
D)〈ReFii|〉
)2
= (ξAD + ξ¯
A
D)
2〈gii〉2 , (3.11)(
2(ξA + ξ¯A) + (ξAD + ξ¯
A
D)〈ReFii|〉
)
(ξAD + ξ¯
A
D)〈gii〉 = 0 . (3.12)
By using SU(2), we may choose (ξAD + ξ¯
A
D) = (0,−m, 0) with a real constant m without
loss of generality. Then (3.12) implies
〈ReFii〉 = 2
m
(ξ2 + ξ¯2) ≡ −2 e
m
(3.13)
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with a real constant e. Substituting this into (3.11) we find
〈gii〉 = ± 2
m
√
(ξ1 + ξ¯1)2 + (ξ3 + ξ¯3)2 . (3.14)
By using U(1), residual rotational symmetry along 2-axis, we may choose (ξ1 + ξ¯1) = 0
and (ξ3 + ξ¯3) = ξ with a real constant ξ without loss of generality, so that
〈gii〉 = ∓2 ξ
m
. (3.15)
Thus we solve the vacuum condition by 〈Fii〉 = −2( em±i ξm). By fixing SU(2) appropriately
we have managed to reproduce the conclusion of [11].
4 N = 2 U(Nc) Gauge model with Hypermultiplets
We generalize the N = 2 U(Nc) gauge model to the N = 2 U(Nc) QCD model coupled
with the q+- and ω-hypermultiplets. We consider both the fundamental representation of
U(Nc) and the adjoint representation of U(Nc).
4.1 q+ hypermultiplets
The q+ hypermultiplet is an analytic superfield satisfying D+q+ = D¯+q+ = 0, and can be
expanded as
q+=F+(xA, u) + θ
+ψ(xA, u) + θ¯
+κ¯(xA, u) + (θ
+)2M−(xA, u) + (θ¯
+)2N−(xA, u)
+iθ+σmθ¯+A−m(xA, u) + (θ
+)2θ¯+γ¯(−2)(xA, u) + (θ¯
+)2θ+χ(−2)(xA, u)
+(θ+)2(θ¯+)2P (−3)(xA, u) (4.1)
in the analytic basis. The physical fields are SU(2)A doublet complex scalars (to be
denoted as f i) contained in F+ and a pair of SU(2)A isosinglet spinors, ψ and κ, where
SU(2)A is the automorphism of N = 2.
We begin with a set of hypermultiplets q+µ where µ ≡ u = 1, ..., Nc for fundamental
q+ while µ ≡ a = 0, 1, ..., N2c − 1 for adjoint q+. The U(Nc) gauged matter action for q+
is (see appendix C for the symplectic covariant form)
Sgaugedq =−
∫
dudζ (−4)q˜+µD++q+µ , D++q+µ = D++q+µ + iV ++a(Ta)µνq+ν (4.2)
where D++ = ∂++ − 2iθ+σmθ¯+ ∂
∂xm
A
+ θ+α ∂
∂θ−α
+ θ¯+α˙ ∂
∂θ¯−α˙
and ∂++ = u+i ∂
∂u−i
. Ta is
understood as
(Ta)
µ
ν =
{
(ta)
u
v for fundamental q
+
ad(ta)
b
c = if
b
ac for adjoint q
+
. (4.3)
10
This action is invariant under the U(Nc) gauge transformation
δq+µ= iǫa(Ta)
µ
νq
+ν , δq˜+µ = −iǫaq˜+ν (Ta)νµ . (4.4)
In other words, the U(Nc) isometry generated by the Killing vector λ
+µ
a ∂+µ = i(Ta)
µ
νq
+ν∂+µ
has been gauged [22]. The Killing potential for λ+µa is given by
Λ++a = −q˜+µ λ+µa = −iq˜+µ (Ta)µνq+ν . (4.5)
The equation of motion D++q+µ = 0 is expanded with respect to the order of θ as
∂++F+ = 0 , (4.6)
∂++ψ = ∂++κ¯ = 0 , (4.7)
∂++M− +
√
2φ¯F+ = 0 , (4.8)
∂++N− −
√
2φF+ = 0 , (4.9)
∂++A−m − 2DmF+ = 0 , (4.10)
∂++γ¯(−2) − iσ¯mDmψ +
√
2φ¯κ¯− 4iλ¯iF+u−i = 0 , (4.11)
∂++χ(−2) + iσmDmκ¯−
√
2φψ + 4iλiF+u−i = 0 , (4.12)
∂++P (−3) −DmA−m +
√
2φ¯N− −
√
2φM− − 2iλiψu−i + 2iλ¯iκ¯u−i + 3iDiju−i u−j F+ = 0 ,
(4.13)
where Dm = ∂m + ivm. Here, we have omitted U(Nc) index understanding SW-NE
contraction for the U(Nc) index. For example, φF
+ means φuvF
+v = φa(ta)
u
vF
+v for
fundamental q+, while φabF
+b = φcad(tc)
a
bF
+b = φcifacbF
+b for adjoint q+. We find that
these equations can be solved by
(4.6) → F+ = f i(xA)u+i , (4.14)
(4.7) → ψ = ψ(xA) , κ¯ = κ¯(xA) , (4.15)
(4.8) → M− = −
√
2φ¯f iu−i , (4.16)
(4.9) → N− =
√
2φf iu−i , (4.17)
(4.10) → A−m = 2Dmf iu−i , (4.18)
(4.11) → γ¯(−2) = 2iλ¯if ju−i u−j , (4.19)
iσ¯mDmψ − 2iλ¯ifi −
√
2φ¯κ¯ = 0 , (4.20)
(4.12) → χ(−2) = −2iλif ju−i u−j , (4.21)
iσmDmκ¯− 2iλifi −
√
2φψ = 0 , (4.22)
(4.13) → P (−3) = −iDijfku−i u−j u−k , (4.23)
DmDmf i − (φφ¯+ φ¯φ)f i + iλiψ − iλ¯iκ¯+ iDijfj = 0 . (4.24)
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The infinitely many auxiliary fields contained in q+ can be eliminated by using these
equations except for (4.20), (4.22) and (4.24) which are dynamical. As a result, the
action Sgaugedq reduces to
Sgaugedq =
∫
d4x
[
−f¯ iµDmDmfµi − f¯iµ(φφ¯+ φ¯φ)µνf iν + if¯iµDijµνf νj
− i
2
ψ¯µσ¯
mDmψµ − i
2
κµσ
mDmκ¯µ + iψ¯µλ¯iµνf νi − if¯ iµλiµνψν
+iκµλ
iµ
νf
ν
i + if¯
i
µλ¯i
µ
νκ¯
ν +
1√
2
κµφ
µ
νψ
ν +
1√
2
ψ¯µφ¯
µ
νκ¯
ν
]
. (4.25)
The gauge transformation and the Killing potential reduce respectively to δfµi = ǫ
a(ℓa)
µ
i
(δf¯ iµ = ǫ
a(ℓ¯a)
i
µ) and Λ
++
a | = Qija u+i u+j where
(ℓa)
µ
i = i(Ta)
µ
νf
ν
i , (ℓ¯a)
i
µ = if¯
i
ν(Ta)
ν
µ , Qija =
i
2
(
f¯ iµ(Ta)
µ
νf
jν + f¯ jµ(Ta)
µ
νf
iν
)
.(4.26)
Hence,
− f¯i(φφ¯+ φ¯φ)f i = (ℓ¯a)i(ℓb)i(φaφ¯b + φ¯aφb) , if¯iDijfj = Qija Daij . (4.27)
We introduce flavors to the action Sgauged. We just regard the field q+µ as an Nf -
dimensional vector. The action is simply
Sgaugedq =−
∫
dudζ (−4)q˜+µID++q+µI , (4.28)
where I = 1, ..., Nf . This implies that component fields f , ψ and κ are understood as
Nf -dimensional vectors. We suppress the flavor index in the followings.
In summary, the N = 2 U(Nc) gauged action for Nf hypermultiplets q+u in the
fundamental representation of U(Nc) is
Sgaugedfund q =
∫
d4x
[
−f¯ iuDmDmfui −
i
2
ψ¯uσ¯
mDmψu − i
2
κuσ
mDmκ¯u
−f¯iu(φφ¯+ φ¯φ)uvf iv + Qˆija Daij
+
(
− if¯ iuλiuvψv + iκuλiuvf vi +
1√
2
κuφ
u
vψ
v + c.c.
)]
(4.29)
where Qˆija ≡ Qija |Ta=ta . On the other hand, the N = 2 U(Nc) gauged action for Na
hypermultiplets q+a in the adjoint representation of U(Nc) is
Sgaugedadj q =
∫
d4x
[
−f¯ iaDmDmfai −
i
2
ψ¯aσ¯
mDmψa − i
2
κaσ
mDmκ¯a
−f¯ia(φφ¯+ φ¯φ)abf ib + Qˇija Daij
+
(
− if¯ iaλiabψb + iκaλiabf bi +
1√
2
κaφ
a
bψ
b + c.c.
)]
(4.30)
where Qˇija ≡ Qija |Ta=ad(ta).
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4.2 ω hypermultiplets
The ω hypermultiplet is known as a real hypermultiplet, ω = ω˜. Here we combine two
of them to a complex superfield, or equivalently we do not impose the reality condition.
Such a complex ω hypermultiplet is expanded as
ω(ζ, u)=ω(xA, u) + θ
+ψ−(xA, u) + θ¯
+κ¯−(xA, u) + (θ
+)2M−−(xA, u) + (θ¯
+)2N−−(xA, u)
+iθ+σmθ¯+A−−m (xA, u) + (θ
+)2θ¯+γ¯(−3)(xA, u) + (θ¯
+)2θ+χ(−3)(xA, u)
+(θ+)4P (−4)(xA, u) . (4.31)
We consider the U(Nc) gauged action
Sgaugedω =
1
2
∫
dudζ (−4)ω˜(D++)2ω , D++ = D++ + iV ++ , V ++ = V ++aTa , (4.32)
where Ta = (ta)
u
v, u, v = 1, · · · , Nc for ωu in the fundamental representation of U(Nc) ,
while Ta = ad(ta)
b
c = if
b
ac, a, b = 0, 1, · · · , N2c − 1 for ωa in the adjoint representation of
U(Nc) . The equation of motion, (D++)2ω = 0, is expanded with respect to the order of
θ as
(∂++)2ω = 0 , (4.33)
(∂++)2ψ− = (∂++)2κ¯− = 0 , (4.34)
(∂++)2M−− + 2
√
2φ¯∂++ω = 0 , (4.35)
(∂++)2N−− − 2
√
2φ∂++ω = 0 , (4.36)
(∂++)2A−−m − 4∂++Dmω = 0 , (4.37)
(∂++)2γ¯(−3) − 2iσ¯mDm∂++ψ− + 2
√
2φ¯∂++κ¯− − 8iλ¯iu−i ∂++ω − 4iλ¯iu+i ω = 0 ,(4.38)
(∂++)2χ(−3) + 2iσmDm∂++κ¯− − 2
√
2φ∂++ψ− + 8iλiu−i ∂
++ω + 4iλiu+i ω = 0 ,(4.39)
(∂++)2P (−4) − 2Dm∂++A−−m + 2DmDmω + 2
√
2φ¯∂++N−− − 2
√
2φ∂++M−−
− 2iλiu+i ψ− − 4iλiu−i ∂++ψ− + 2iλ¯iu+i κ¯− + 4iλ¯iu−i ∂++κ¯−
+ 6iDiju+i u
−
j ω + 6iD
iju−i u
−
j ∂
++ω − 2(φ¯φ+ φφ¯)ω = 0 . (4.40)
We find that these are solved by
(4.33) → ω(xA, u) = 1√
2
ω(xA) + ω
ij(xA)u
+
(iu
−
j) , (4.41)
(4.34) → ψ−(xA, u) = ψi(xA)u−i , κ¯−(xA, u) = κ¯i(xA)u−i , (4.42)
(4.35) → M−−(xA, u) = −
√
2φ¯ωiju−i u
−
j , (4.43)
(4.36) → N−−(xA, u) =
√
2φωiju−i u
−
j , (4.44)
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(4.37) → A−−m (xA, u) = 2Dmωiju−i u−j , (4.45)
(4.38) → γ¯(−3)(xA, u) = 2iλ¯iωjku−i u−j u−k , (4.46)
iσ¯mDmψi −
√
2φ¯κ¯i + 2iλ¯jω
ji +
√
2iλ¯iω = 0 , (4.47)
(4.39) → χ(−3)(xA, u) = −2iλiωjku−i u−j u−k , (4.48)
iσmDmκ¯i −
√
2φψi + 2iλjω
ji +
√
2iλiω = 0 , (4.49)
(4.40) → P (−4)(xA, u) = −iDijωklu−i u−j u−k u−l , (4.50)
DmDmωij − (φ¯φ+ φφ¯)ωij − i√
2
Dijω − iDikωkj + iλ(iψj) − iλ¯(iκ¯j) = 0 ,
(4.51)
√
2DmDmω + iDijωij + iλiψi − iλ¯iκ¯i −
√
2(φ¯φ+ φφ¯)ω = 0 . (4.52)
Eliminating infinitely many auxiliary fields by using these equations except for (4.47),
(4.49), (4.51) and (4.52) which are dynamical, the action reduces to
Sgaugedω =
∫
dx4
[
+
1
2
ω¯ijDmDmωij + 1
2
ω¯DmDmω − i
4
κiσmDmκ¯i + i
4
ψ¯iσ¯mDmψi
−1
2
ω¯ij(φ¯φ+ φφ¯)ωij − 1
2
ω¯(φ¯φ+ φφ¯)ω + Sija Daij
+
√
2
4
κiφψi +
i
2
κiλjωij −
√
2
4
iκiλiω +
i
2
ω¯ijλiψj +
√
2
4
iω¯λiψi
−
√
2
4
ψ¯iφ¯κ¯i − i
2
ω¯ijλ¯iκ¯j −
√
2
4
iω¯λ¯iκ¯i − i
2
ψ¯iλ¯jωij +
√
2
4
iψ¯iλ¯iω
]
(4.53)
where
Sija ≡
i
2
ω¯kiTaω
j
k +
√
2
4
iω¯ijTaω −
√
2
4
iω¯Taω
ij . (4.54)
It is easy to introduce flavors to the action by regarding ω as a vector ωI
Sgaugedω =
1
2
∫
dudζ (−4)ω˜I(D++)2ωI , (4.55)
where I = 1, · · · , Nωf for fundamental ω and I = 1, · · · , Nωa for adjoint ω. We omit the
flavor index below.
In summary, the U(Nc) gauged action for N
ω
f hypermultiplets ω
u in the fundamental
representation of U(Nc) is
Sgaugedfundω =∫
dx4
[
1
2
ω¯iju DmDmωuij +
1
2
ω¯uDmDmωu − i
4
κiuσ
mDmκ¯ui +
i
4
ψ¯iuσ¯
mDmψui
−1
2
ω¯iju (φ¯φ+ φφ¯)
u
vω
v
ij −
1
2
ω¯u(φ¯φ+ φφ¯)
u
vω
v + Sˆija Daij (4.56)
+
(√2
4
κiuφ
u
vψ
v
i +
i
2
κiuλ
ju
vω
v
ij −
√
2
4
iκiuλi
u
vω
v +
i
2
ω¯iju λ
u
i vψ
v
j +
√
2
4
iω¯uλ
iu
vψ
v
i + c.c.
) ]
14
with Sˆija = Sija |Ta=ta , while that for Nωa hypermultiplets ωa in the adjoint representation
of U(Nc) is
Sgaugedadjω =∫
dx4
[
1
2
ω¯ija DmDmωaij +
1
2
ω¯aDmDmωa − i
4
κiaσ
mDmκ¯ai +
i
4
ψ¯iaσ¯
mDmψai
−1
2
ω¯ija (φ¯φ+ φφ¯)
a
bω
b
ij −
1
2
ω¯a(φ¯φ+ φφ¯)
a
bω
b + Sˇija Daij (4.57)
+
(√2
4
κiaφ
a
bψ
b
i +
i
2
κiaλ
ja
bω
b
ij −
√
2
4
iκiaλi
a
bω
b +
i
2
ω¯ija λ
a
i bψ
b
j +
√
2
4
iω¯aλ
ia
bψ
b
i + c.c.
) ]
with Sˇija = Sija |Ta=ad(ta).
The N = 2 U(Nc) QCD action coupled with Nf fundamental q+u, Na adjoint q+a, Nωf
fundamental ωu and Nωa adjoint ω
a is given as
SV,q,ω = SV + S
gauged
fund q + S
gauged
adj q + S
gauged
fundω + S
gauged
adjω (4.58)
with (2.7), (4.29), (4.30), (4.56) and (4.57).
4.3 electric & magnetic FI terms
Next, we add the electric and magnetic FI terms to the action SV,q,ω in (4.58). The electric
FI term Se is the same as (2.9). As was seen in subsection 2.1, the effect of the magnetic
FI term is to shift the auxiliary field D by an imaginary constant. Thanks to this property
the magnetic FI term does not affect the superinvariance of the total action which now
includes Se. This observation leads to the magnetic FI term of the form
SQCDm =S
YM
m +
∫
d4x 2i(Qˆij0 + Sˆij0 )(ξijD − ξ¯ijD) (4.59)
where SYMm is given in (2.12). The last term in (4.59) shifts the terms, Qˆij0 D0ij in Sgaugedfund q
(4.29) and Sˆij0 D0ij in Sgaugedfundω (4.56), as
Qˆija Daij + Sˆija Daij + 2i(Qˆij0 + Sˆij0 )(ξijD − ξ¯ijD)=
1
2
(Qˆija + Sˆija )Daij + c.c. (4.60)
where D is given in (2.14). The terms, Qˇij0 D0ij in Sgaugedadj q (4.30) and Sˇij0 D0ij in Sgaugedadjω
(4.57), vanish because ad(t0) = 0, and so the adjoint matters do not appear in (4.59).
Thus, we observe that
SV,q,ω + S
QCD
m = SV,q,ω|D→D (4.61)
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where |D→D means the replacement Daij → Daij (Daij → D¯aij).
Gathering all together, the total action is
SQCD = SV,q,ω + Se + S
QCD
m , (4.62)
with (4.58), (2.9) and (4.59). The auxiliary field Daij is solved by
Daij = −2gab
[
(ξij + ξ¯ij)δ0b + ξ
ij
DF0b|+ ξ¯ijDF0b|+ Qˆijb + Qˇijb + Sˆijb + Sˇijb
+
i
4
Fbcd|λciλdj − i
4
F bcd|λ¯ciλ¯dj
]
(4.63)
while the Daij is given as
D
aij = −2gab
[
(ξij + ξ¯ij)δ0b + (ξ
ij
D + ξ¯
ij
D)F0b|+ Qˆijb + Qˇijb + Sˆijb + Sˇijb
+
i
4
Fbcd|λciλdj − i
4
F bcd|λ¯ciλ¯dj
]
. (4.64)
After eliminating auxiliary field D by using (4.63), the action of the N = 2 U(Nc) QCD
model becomes
S ′QCD=
∫
d4x
[
Lkin + Lpot + LPauli + Lmass + L4 fermi
]
(4.65)
where
Lkin=−gabDmφaDmφ¯b − 1
2
Fab|λ¯aiσ¯mDmλbi −
1
2
Fab|λaiσmDmλ¯bi
−1
4
gabv
a
mnv
bmn − 1
8
ReFab|εmnpqvamnvbpq
−f¯ iuDmDmfui −
i
2
ψ¯uσ¯
mDmψu − i
2
κuσ
mDmκ¯u
−f¯ iaDmDmfai −
i
2
ψ¯aσ¯
mDmψa − i
2
κaσ
mDmκ¯a
+
1
2
ω¯iju DmDmωuij +
1
2
ω¯uDmDmωu − i
4
κiuσ
mDmκ¯ui +
i
4
ψ¯iuσ¯
mDmψui
+
1
2
ω¯ija DmDmωaij +
1
2
ω¯aDmDmωa − i
4
κiaσ
mDmκ¯ai +
i
4
ψ¯iaσ¯
mDmψai , (4.66)
Lpot=−1
4
gabD
aij| Dbij | − gabPaPb + 2iξijDξDijF00| − 2iξ¯ijD ξ¯DijF00|
+2i(Qˆ0 + Sˆ0)(ξijD − ξ¯ijD)− 2i(ξij + ξ¯ij)(ξDij − ξ¯Dij)
−f¯ iu(φ¯φ+ φφ¯)uvf vi −
1
2
ω¯iju (φ¯φ+ φφ¯)
u
vω
v
ij −
1
2
ω¯u(φ¯φ+ φφ¯)
u
vω
v
−f¯ ia(φ¯φ+ φφ¯)abf bi −
1
2
ω¯ija (φ¯φ+ φφ¯)
a
bω
b
ij −
1
2
ω¯a(φ¯φ+ φφ¯)
a
bω
b
=−1
4
gabD
aij | D¯bij | − gabPaPb − 2i(ξij + ξ¯ij)(ξDij − ξ¯Dij)
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−f¯ iu(φ¯φ+ φφ¯)uvf vi −
1
2
ω¯iju (φ¯φ+ φφ¯)
u
vω
v
ij −
1
2
ω¯u(φ¯φ+ φφ¯)
u
vω
v
−f¯ ia(φ¯φ+ φφ¯)abf bi −
1
2
ω¯ija (φ¯φ+ φφ¯)
a
bω
b
ij −
1
2
ω¯a(φ¯φ+ φφ¯)
a
bω
b , (4.67)
Lmass=+1
2
gabλ
aif bcd(−i
√
2φ¯c)λdi +
i
4
D
aij | Fabc|λbiλcj
−if¯ iuλiuvψv + iκuλiuvf vi +
1√
2
κuφ
u
vψ
v − if¯ iaλiabψb + iκaλiabf bi +
1√
2
κaφ
a
bψ
b
+
√
2
4
κiuφ
u
vψ
v
i +
i
2
κiuλ
ju
vω
v
ij −
√
2
4
iκiuλi
u
vω
v +
i
2
ω¯iju λ
u
i vψ
v
j +
√
2
4
iω¯uλ
iu
vψ
v
i
+
√
2
4
κiaφ
a
bψ
b
i +
i
2
κiaλ
ja
bω
b
ij −
√
2
4
iκiaλi
a
bω
b +
i
2
ω¯ija λ
a
i bψ
b
j +
√
2
4
iω¯aλ
ia
bψ
b
i
+c.c. , (4.68)
where
Daij |=−2gab
[
(ξij + ξ¯ij)δ0b + ξ
ij
DF0b|+ ξ¯ijDF0b|+ Qˆijb + Qˇijb + Sˆijb + Sˇijb
]
, (4.69)
D
aij |=Daij |+ 4iξijDδa0
=−2gab
[
(ξij + ξ¯ij)δ0b + (ξ
ij
D + ξ¯
ij
D)F0b|+ Qˆijb + Qˇijb + Sˆijb + Sˇijb
]
. (4.70)
LPauli, L4 fermi and Pa are given in (2.23), (2.25) and (2.26), respectively. The action
S ′QCD without FI terms corresponds to the N = 2 action (see for example [16]) with flat
four-dimensional space-time and with flat hyperka¨hler geometry of hypermultiplets.
5 Vacua of N = 2 U(Nc) QCD model
Let us examine vacua of the N = 2 U(Nc) QCD model coupled with hypermultiplets and
equipped with the electric and magnetic FI terms, S ′QCD in (4.65).
The vacua are determined by the scalar potential
V = 1
4
gabD
aij | D¯bij |+ gabPaPb + 2i(ξij + ξ¯ij)(ξDij − ξ¯Dij)
+f iu(φ¯φ+ φφ¯)
u
vf
iv +
1
2
ω¯iju (φ¯φ+ φφ¯)
u
vω
v
ij +
1
2
ω¯u(φ¯φ+ φφ¯)
u
vω
v
+f ia(φ¯φ+ φφ¯)
a
bf
ib +
1
2
ω¯ija (φ¯φ+ φφ¯)
a
bω
b
ij +
1
2
ω¯a(φ¯φ+ φφ¯)
a
bω
b . (5.1)
We demand positive definiteness of gab. The second term in the first line tells us that
〈φr〉 = 0 where r ∈ non-Cartan directions. The first term in the second line reduces to
〈|φi|2f iif ii〉 (5.2)
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because 〈φφ¯〉 = 〈|φi|2〉ti. Let us examine the phase in which 〈φi〉 6= 0 (so called the
Coulomb phase). This leads to 〈f ii 〉 = 0, i.e., 〈f iu〉 = 0, which implies that 〈Qˆijb 〉 = 0.
Similarly one finds that 〈ωuij〉 = 〈ωu〉 = 0 and 〈Sˆijb 〉 = 0. On the other hand, the first
term in the last line becomes
〈f irφiφ¯j(f risf sjt + f rjsf sit)f ti 〉 (5.3)
and thus we derive 〈f ir〉 = 0 where r ∈ non-Cartan directions, which implies that 〈Qˇijb 〉 =
0. Similarly we derive 〈ωrij〉 = 〈ωr〉 = 0 and 〈Sˇijb 〉 = 0. Summarizing we derived vevs at
the vacua
〈f iu〉 = 〈ωiju 〉 = 〈ωu〉 = 0 and 〈f ir〉 = 〈ωijr 〉 = 〈ωr〉 = 0 . (5.4)
Finally we examine the first term in the first line in V, say V1. By using (5.4), we derive
〈∂AV1〉 = 0 , A = {f iu, ωiju , ωu, f ia, ωija , ωa, } . (5.5)
We note here that 〈f ii 〉, 〈ωiji 〉 and 〈ωi〉 are not determined by the scalar potential V. In
addition, ∂A¯∂AV = 0 for A = {f ii , ωiji , ωi}. This means that the adjoint matter scalars
in the Cartan direction parametrize the flat directions in V. The non-trivial vacuum
condition is
〈∂φaV1〉 = i
8
〈Fabc| DbijDcij〉 =
i
4
〈Fabc| DbADcA〉 (5.6)
where 〈DaA〉 is the same as one without hypermultiplets in (2.28) because 〈Qˆija 〉 = 〈Qˇija 〉 =
〈Sˆija 〉 = 〈Sˇija 〉 = 0. In this way, we arrive at the same vacuum condition as one for the
model specified by S ′YM in (2.20). As was explained in section 3, the supersymmetry
transformation of λi on the vacua is
〈δη(U1jλij)〉 6= 0 , 〈δη(U2jλij)〉 = 0 , 〈δηλri〉 = 0 . (5.7)
The supersymmetry transformation of matter fermions in q+ and ω is found in appendix
B. Because the vevs of the supersymmetry transformation of matter fermions in the fun-
damental representation are proportional to those of matter bosons in the fundamental
representation, they vanish. On the other hand, the vevs of the supersymmetry trans-
formation of matter fermions in the adjoint representation are proportional to those of
matter bosons in the adjoint representation which are in non-Cartan directions, and so
they vanish. Thus we have for all matter fermions
〈δηΨ〉 = 0 , Ψ = {κu, ψu, κa, ψa, κui , ψui , κai , ψai } . (5.8)
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Let us look at the mass terms of λii in (4.68). Because of (5.4) they reduce at the
vacua to (3.10), and thus U1jλ
ij is massless. This means in the ordinary basis spanned
by hermitian matrices ta of U(Nc), that the overall U(1) fermion U
1
jλ
0j is the Nambu-
Goldstone fermion associated with the spontaneous partial supersymmetry breaking N =
2→ N = 1.
In summary, we find that in the Coulomb phase 〈φi〉 6= 0 the N = 2 U(Nc) QCD model
SQCD (4.62) describes the spontaneous partial supersymmetry breaking N = 2→ N = 1.
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A Notation
The bar “ ¯ ” means the complex conjugation
f i= f¯i , (A.1)
fi= ǫijf j = ǫij f¯j = ǫijǫjkf¯
k = −f¯ i , (A.2)
ξij = ξ¯ij , (A.3)
ξij = ǫikǫjlξkl = ǫikǫjlξ¯kl = ǫikǫjlǫkpǫlq ξ¯
pq = ξ¯ij . (A.4)
The tilde “ ˜ ” is the analyticity preserving conjugation, the product of the complex
conjugation “ ¯ ” and the antipodal map “ ⋆ ”: (u+i)⋆ = u−i and (u−i)⋆ = −u+i
u˜±i =u
±i , u˜±i = −u±i , (A.5)
θ˜±= θ¯± , ˜¯θ± = −θ± . (A.6)
B N = 2 supersymmetry transformation
Under N = 2 supersymmetry, coordinates transform as
(xmA , θ
±
α , θ¯
±α˙, u±i )→ (xmA − 2i(ηiσmθ¯+ + θ+σmη¯i)u−i , θ±α + u±i ηiα, θ¯±α˙ + u±i η¯iα˙, u±i ) ,(B.1)
which is generated by the differential operator
ηQ+ η¯Q¯ with
{
Qαi = −2iσmθ¯+u−i ∂m + u+i ∂θ+α + u−i ∂θ−α
Q¯α˙i = −2iθ+σmu−i ∂m + u+i ∂θ¯+α˙ + u−i ∂θ¯−α˙
. (B.2)
The supersymmetry transformation law of component fields in V ++ is derived by matching
the components with the appropriate power of θ±, θ¯± in δηV
++ = (ηQ + η¯Q¯)V ++ where
the left hand side means transformations on the component fields. Because we are working
in the WZ gauge, we gauge transform the resulting expression into the WZ gauge form.
Thus we examine
δηV
++ = (ηQ+ η¯Q¯)V ++ − δgV ++. (B.3)
Because the supersymmetry transformation is an infinitesimal transformation, it is enough
to consider the infinitesimal gauge transformation δgV
++ = −D++λg. Observe that by
choosing an analytic superfield λg as
λg=Fg + θ
+λ−g + θ¯
+κ¯−g + (θ
+)2M−−g + (θ¯
+)2N−−g + iθ
+σmθ¯+A−−gm
+(θ+)2θ¯+χ¯(−3)g + (θ¯
+)2θ+λ(−3)g + (θ
+)4P (−4)g (B.4)
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with
Fg =P
(−3)
g = 0 , (B.5)
λ−gα=2i(
√
2ηiφ¯+ σmη¯ivm)u
−
i , (B.6)
κ¯−α˙g =−2i(
√
2η¯iφ+ σ¯mηivm)u
−
i , (B.7)
M−−g =2η¯
iλ¯ju−i u
−
j , (B.8)
N−−g =−2ηiλju−i u−j , (B.9)
A−−gm =2i(η
iσmλ¯
j − λiσmη¯j)u−i u−j , (B.10)
λ(−3)g =−2ηiDjku−(iu−j u−k) , (B.11)
χ¯(−3)g =−2η¯iDjku−(iu−j u−k) , (B.12)
the N = 2 supersymmetry transformation law is obtained as
δηφ=−i
√
2ǫijη
iλj , (B.13)
δηφ¯=−i
√
2ǫij η¯
iλ¯j , (B.14)
δηvm= iǫij(η
iσmλ¯
j + λiσmη¯
j) , (B.15)
δηλ
i
α=
1
2
σmσ¯nηivmn +
√
2σmη¯iDmφ− iηi[φ, φ¯] +Dijηj , (B.16)
δηλ¯
iα˙=
1
2
σ¯mσnη¯ivmn −
√
2σ¯mηiDmφ¯+ iη¯i[φ¯, φ]−Dij η¯j , (B.17)
δηD
ij =−2iηiσmDmλ¯j + 2iDmλiσmη¯j + 2
√
2η¯i[λ¯j , φ] + 2
√
2ηi[λj , φ¯] . (B.18)
Because the U(Nc) gauged action for q
+ hypermultiplets is invariant under the in-
finitesimal gauge transformation, δgq
+ = iλq+ and δgV
++ = −D++λ with an analytic
superfield λ, the supersymmetry transformation of q+ must be followed by the gauge
transformation with λ ≡ λg. Thus the supersymmetry transformation of the component
fields in the q+ hypermultiplet can be read off from
δηq
+ = (ηQ+ η¯Q¯)q+ − δgq+ (B.19)
with δgq
+ = iλgq
+ as
δηf
i= ηiψ + η¯iκ¯ , (B.20)
δηψα=2i(σ
mη¯i)αDmfi − 2
√
2ηiαφ¯fi , (B.21)
δηκ¯α˙=2i(η
iσm)α˙Dmfi + 2
√
2η¯iα˙φfi . (B.22)
Similarly by examining
δηω = (ηQ+ η¯Q¯)ω − δgω, (B.23)
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with δgω = iλgω, the supersymmetry transformation of the component fields in ω hyper-
multiplet is obtained as
δηω=
√
2(ηiψi + η¯
iκ¯i) , (B.24)
δηω
ij =2(η(iψj) + η¯(iψ¯j)) , (B.25)
δηψ
i
α=−
√
2i(σmη¯i)αDmω + 2ηiαφ¯ω + 2i(σmη¯j)αDmωji − 2
√
2ηjαφ¯ωj
i , (B.26)
δηκ¯
i
α˙=−
√
2i(ηiσm)α˙Dmω − 2η¯iα˙φω + 2i(ηjσm)α˙Dmωji + 2
√
2η¯jα˙φωj
i . (B.27)
In presence of the magnetic FI term, the auxiliary field Dij is shifted by an imaginary
constant. The U(Nc) gauge model (2.17) and the U(Nc) QCD model (4.62) are invariant
under the above supersymmetry transformations with the replacement D →D.
C symplectic covariant form of Sgaugedq
Here, we give the symplectic covariant form of Sgaugedq . The q
+ can be written as
q+M = F+M(xA, u) + θ
+ΨM(xA, u) + θ¯
+Ψ¯M(xA, u) + (θ
+)2M−M (xA, u)
+(θ¯+)2N−M(xA, u) + iθ
+σmθ¯+A−Mm (xA, u) + (θ
+)2θ¯+χ¯(−2)M (xA, u)
+(θ¯+)2θ+χ(−2)M (xA, u) + (θ
+)2(θ¯+)2P (−3)M(xA, u)
where M runs from 1 to 2Nc for U(Nc) fundamental q
+ while from 0 to 2N2c − 1 for
U(Nc) adjoint q
+. q+M is related to q
+M by q˜+M ≡ q+M = ΩMNq+N , where ΩMN = ΩNM
is the invariant tensor of the symplectic group, Sp(Nc) for fundamental q
+ or Sp(N2c ) for
adjoint q+. The gauged action is
Sgaugedq =
1
2
∫
dudζ (−4)
[
q+MD++q+M
]
, (C.1)
D++q+M =D++q+M + iV ++MNq+N , V ++MN = V ++aT a , T a =
(
−T Ta 0
0 Ta
)
.
The fundamental or adjoint representation of the gauge group is embedded in the sym-
plectic matrix, Sp(Nc) or Sp(N
2
c ), respectively. This action is invariant under U(Nc)
gauge transformation δq+M = ǫaλ+Ma with λ
+M
a = i(T a)
M
Nq
+N .
22
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